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Educational research has a long history of investigating factors that are linked to
improved academic performance. Here I examined research on three factors that impact
academic performance—working memory (WM), cognitive load, and motivation.
Although each of these factors were known to impact academic performance, there were
no studies that examined the combined effect of these three factors on performance. The
current study attempted to examine the potential connections between these factors, and
their collective impact on strategies for learning in the context of math performance.
Experiment 1 tested the impact of WM, cognitive load, and motivation for a math task in
an online population, and Experiment 2 tested these impacts for an in-lab sample. In both
samples, manipulations of cognitive load and motivation were ineffective, but significant
relationships were discovered for individual differences on these constructs. Motivation
and cognitive load were related, and so were cognitive load and WM. In addition, all of
these variables were related to performance. Further research on the connections among
these variables is needed to understand their relative impacts on math performance.
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Introduction
Educational research has a long history of investigating factors that are linked to
improved academic performance. Here I have examined research on three factors that
impact academic performance—working memory (WM), cognitive load, and motivation.
Although each of these factors are known to impact academic performance, there are
currently no studies that have examined the combined effect of these three factors on
performance. Understanding how motivation, cognitive load and WM interact to affect
performance is important because students are influenced by all of these factors
simultaneously on any given task. The current study aims to examine the potential
connections between these factors, and their collective impact on strategies for learning
in the context of math performance.
WM and cognitive load are both known to influence academic performance
(Wang & Shah, 2013). WM is a memory system that works to store and process
information involved in learning (Baddeley, 1992). WM capacity refers to the ability to
control the attentional resources available for use while learning (Engle, 2002). Cognitive
load is defined as the amount of mental required by a given task (Paas, Tuovinen,
Tabbers, & Van Gerven, 2003; Renkl, 1997; Yeung, Jin, & Sweller, 1997). Cognitive
Load Theory (CLT) was developed to explain the quality of cognitive load and how it
affects performance during tasks that require complex cognitive processing, as well as
how cognitive load can be used to inform instructional design (Paas, Renkl, & Sweller,
2003). WM and cognitive load have been shown to interact with one another to affect
performance during learning (Wang & Shah, 2013).

1

Motivation is an important component of academic success (Cordova & Lepper,
1996), such that it can be used to strengthen a learner’s willingness to complete a task,
and increase his/her engagement in the task while performing it (Ryan & Deci, 2000).
Recent work has demonstrated a negative correlation between motivation and cognitive
load; that is, students who are more motivated to complete tasks perceived lower
cognitive load for the tasks (Su, 2015). However, a clear connection between WM and
motivation has not yet been established. It remains to be seen how variations in
motivation, cognitive load, and WM work interactively to impact the quality and
efficiency of learning. For example, if motivation is low and cognitive load is high, how
does WM impact a learner’s ability to perform?
We can expect a relationship between cognitive load and motivation based on
how both factors affect students’ performance during learning tasks. This relationship
would be expected regardless of whether students’ cognitive load or motivation was
intentionally influenced by features of the instructional materials. However, optimal
levels of both of these factors could be implemented concurrently, while accounting for
individual differences in WM, to yield the best learning outcomes. The following section
provides further detail on the relationships between each of these variables and academic
performance, as well as the interconnections between WM, cognitive load, and intrinsic
motivation.
Working Memory
WM capacity affects the amount of information one can process while learning
(Engle, 2002) and has been identified as a meaningful individual difference affecting
cognitive performance (Beilock & Carr, 2005; Wang & Shah, 2013). People with high
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WM tend to outperform those with low WM on effortful cognitive tasks (Baddeley,
1992), though there are important exceptions to this trend. In particular, individuals with
high WM may perform similar to those with low WM under high cognitive load (Rosen
& Engle, 1997; Schelble, Therriault, & Miller, 2012), or if there is significant pressure to
perform well (Beilock & Carr, 2005), although the type of pressure and the difficulty of
the task can alter the nature of the pressure (Wang & Shah, 2013). Both pressure to
perform and difficulty of the problems match the definition of cognitive load: features of
a task that affect the amount of mental resources required to complete it.
For example, Wang and Shah (2013) examined the difference in performance
between high and low WM participants by using the number of carries an arithmetic
problem required to manipulate task difficulty, then tested participants’ performance
under either high or no pressure. Pressure was manipulated by telling students that this
was a real test, making students perform the task with the first author directly behind
them, videotaping the students during the task, and informing the students that their
results would be examined by experts. To complete the problems, one of two strategies
could be used: complete calculation or partial calculation with estimation. Problems
varied between three difficulty levels: easy (i.e., no carries), difficult (i.e., 1-3 carries)
and hidden carry1 problems (3 carries and an additional hidden carry that is only
accessible if using complete calculation). For easy problems, pressure did not appear to
affect the performance of either high or low WMs. For difficult problems, pressure
eliminated the advantage of high WMs, replicating the findings of Beilock and Carr
(2005) by forcing the use of a less WM demanding strategy (partial calculation with
estimation). However, when the problem involved a hidden carry, pressure forced the use
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of a strategy that required high WM (complete calculation) because the accuracy of
partial calculation with estimation was too low on these problems. As a result, those
participants with high WM had a boost in performance for the hidden carry problems
under pressure, most likely due to their ability to use the more accurate, high WM
demanding strategy. Thus, the advantage of high WM appears contingent upon the type
of strategy chosen or, in this case, forced.
Schelble et al. (2012) compared strategies that resulted in a performance
advantage for high WMs, and investigated how this advantage is affected by cognitive
load. Those with high WM were more likely to use highly effective recall strategies than
participants with low WM, further explaining the difference in performance between
these two groups. However, adding load to the task lowered the likelihood of individuals
with high WM choosing the most effective strategy, similar to the effect of pressure in
Wang & Shah’s (2014) study. This connection between WM and cognitive load has been
also been studied by Rosen & Engle (1997) who found a similar effect for the same
category fluency task: introduction of load mitigated the performance advantage of high
WMs. These findings provide evidence that the relationship between WM and strategy
use extends beyond math performance.
Research on the detrimental effects of cognitive load focuses on extraneous load,
which is the load that detracts from learning and, according to CLT, is only one of three
additive subtypes of cognitive load (Paas, Renkl, et al., 2004). Intrinsic load, or the load
inherent to the task, and germane load, or the load that directs resources toward learning,
are typically not examined in cognitive load research outside of educational psychology.
These findings suggest that WM is an important factor to consider when examining
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academic performance, particularly where manipulations of cognitive load may be
present. However, like intelligence, WM is an individual difference factor that cannot be
manipulated, but it can be measured and accounted for in the design and implementation
of instructional materials.
Measurement of working memory
The most common method of measuring WM involves the use of complex span
tasks, a type of dual-task that is capable of measuring temporary storage capacity as well
as processing capability (Redick et al., 2012). This is accomplished by interleaving a
storage task (e.g., a list of words) with a taxing secondary task (e.g., performing math
operations) (Conway et al., 2005). These tasks can be contrasted with simple span tasks,
like the digit span, which are useful mainly as measures of short term memory capacity.
Complex span tasks have been adapted into automated span tasks, whereby computers
automatically record reaction times and accuracy in both tasks to determine levels of
WM.
For example, the Automated Operation Span involves initially separate training
for remembering presented words and for solving math problems (Redick et al., 2012).
The tasks are then interleaved, such that words are presented on screen and then a simple
math operation is required. This dual-task methodology prevents the use of strategies
(e.g., rehearsal) that would involve the use of long-term memory, thus ensuring that the
participant relies solely on WM. The number of items that can be remembered at
reasonable level of accuracy during the task determines a WM score. If a participant
remembers 5 words with 95% accuracy, but his accuracy drops to 60% for 6 words, then
his WM is likely to consist of 5 words (Conway et al., 2005).
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However, one flaw in the use of automated span tasks is the level of fatigue for
participants. Automated span tasks tend to be long—taking up to 45 minutes—and
though fatigue may not directly impact the WM measurement (Conway et al., 2005), it is
a factor worth considering for the sake of the participant (Oswald et al., 2014). Further
development of automated span tasks has yielded a shortened span task to meet this need.
These shortened span tasks have been shown to be both reliable and valid measures of
WM. As such, they provide an opportunity to collect more data by administering two of
these shortened span tasks in the place of a singular span task of regular length, thereby
increasing the accuracy of WM measurement.
Accurate and efficient measurement of WM is useful because it allows the
researcher to determine potential performance advantages and disadvantages and the
shortened versions have the added benefit of minimizing negative effects due to fatigue.
However, as discussed earlier, the advantages of those with high WM can be diminished
by cognitive load. In order to effectively account for WM in the design of instructional
material, cognitive load must also be understood and evaluated.
Cognitive Load Theory
CLT has been used to inform the development of instructional materials that
invoke the optimal level of cognitive resources needed to learn a particular task (Paas,
Renkl, et al., 2004). Specifically, the manipulation of the level of cognitive load required
to learn a task can have varying effects on the efficiency of learning, with the general
assumption that cognitive load levels at either extreme will decrease the efficiency of
learning (Paas, Renkl, et al., 2004). For example, a task that induces excessively high
cognitive load can cause learners to become overloaded, limiting their ability to acquire
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problem-solving strategies due to the allocation of mental resources to extraneous
information. On the other hand, excessively low cognitive load in a task (i.e.,
oversimplification) can inhibit learning for those who have prior knowledge of that topic
(Paas, Renkl, et al., 2004). This expertise reversal effect (Kalyuga, Ayres, Chandler, &
Sweller, 2003), also called underload, can interfere with the schemata learners have
already acquired by oversimplifying the task and forcing learners to revert to prior stages
of acquisition to complete the task. Evidence of the differential effects of cognitive load
on learners as a function of their preexisting knowledge and problem-solving abilities
have been utilized by educational researchers to inform the design of instructional
materials. Cognitive load impacts performance on a variety of math tasks including
algebra and trigonometry (Ayres, 2006; Paas, 1992; Sweller, 1988) and high level
statistics (Leppink, Paas, Van der Vleuten, Van Gog, & Van Merriënboer, 2013), as well
as computerized numerical control machinery programming (Paas & Van Merriënboer,
1994) and memory search tasks (Van Gerven, Paas, Van Merriënboer, & Schmidt, 2003).
However, not all cognitive load appears to have negative impacts, leading to the
development of Cognitive Load Theory (CLT). CLT states that cognitive load can be
separated into three different types: extraneous, intrinsic, and germane cognitive load, all
of which have the potential to influence performance. These types of cognitive load are
additive, so the total cognitive load for a task is the sum of the three types (Paas,
Tuovinen, et al., 2003). Although germane cognitive load is the focus of this review, brief
definitions of intrinsic and extraneous cognitive load will be necessary to fully
understand the distinctions between the three types of load.
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Intrinsic cognitive load is the load induced by the number of elements contained
within the instructional material, as well their interactivity (Paas, Renkl, et al., 2004). For
example, when instructing students to use a statistical analysis program like SPSS,
beginning with syntax commands will induce a higher level of intrinsic load than
beginning with the drop-down menus. Syntax commands have relatively more elements,
and greater interactivity among the elements, than the drop down menus, thus indicate
higher intrinsic load for the syntax commands. de Jong (2010) has criticized the
simplicity of this definition, and stated that there are other factors (i.e., inherent difficulty
of a task) that also contribute to the intrinsic cognitive load of a task. de Jong’s argument
suggests that intrinsic cognitive load may require a broader definition, perhaps simply as
the load inherently associated with—but separate from—the design of the task. Despite
de Jong’s concern, a recent study by Van Gog, Kirschner, Kester, and Paas (2012) has
shown successful manipulation of intrinsic load by changing the inherent complexity of
word problems using the original definition of intrinsic load. This suggests that the
original definition is still useful for study, and may not require the full host of changes
suggested by de Jong (2010).
Extraneous cognitive load is load that misdirects or otherwise hinders mental
resources from being used for learning (Paas, Tuovinen, et al., 2003). This can be
described as distracting or unnecessary load that, unlike germane load, inhibits learning.
For instance, Paas, Gerven, and Wouters (2007) discussed the extraneous load that can be
induced by educational animations. In these animations, pertinent information may be
presented and removed too quickly, forcing WM to hold onto that information while
simultaneously receiving new input, thus overloading the system.
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Germane cognitive load has been described as the aspects of instruction that
benefit learning; it is the load that directs mental resources towards learning (Leppink et
al., 2013; Paas & Van Gog, 2006). Germane cognitive load is also associated with
formation and automation of schemata, an integral part of the learning process (Ayres,
2006; Paas, Renkl, et al., 2004; Paas, Tuovinen, et al., 2003). Germane load is not an
inextricable component of a particular task; rather, it consists of aspects of the task that
can be added or altered to promote learning. A math problem example with the answer
and relevant solution steps provides a good example of germane cognitive load. The next
section discusses how researchers have manipulated germane load, including the example
of solved problems, and reviews how it has been measured.
Manipulation of germane cognitive load
A few methods have been employed to effectively manipulate germane cognitive
load. Within CLT research, the predominant method involves the use of worked
examples (Paas, Renkl, et al., 2004). A worked example is a problem that is presented to
the learner either fully solved or partially solved (Paas & Van Gog, 2006; Renkl,
Atkinson, & Maier, 2000). Additionally, there are explanations of each of the steps
involved in solving that problem. Worked examples are most often implemented for
mathematics problems. For instance, the traditional problem “(5*8)-(6*3)=X” could be
turned into a worked example by listing the appropriate steps required to solve this
problem. Specifically, that the operations in parentheses should be completed first, and
then the difference should be calculated to determine the value of “X.”
Worked examples have been shown to take less time (Paas, 1992; Paas & Van
Merriënboer, 1994), less mental effort to study, (Paas & Van Gog, 2006; Paas, Van
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Merriënboer, & Adam, 1994), and lead to higher performance on problem-solving tasks
than conventional problems alone (Paas, 1992; Paas & Van Merriënboer, 1994). These
benefits have also been shown for complex cognitive tasks (Paas, Renkl, et al., 2004;
Paas & Van Gog, 2006) such as learning how to solve geometrical problems that arise in
the programming of milling machinery (Paas & Van Merriënboer, 1994). These gains can
be explained by CLT: worked examples boost germane load by directing resources and
mental effort towards only the necessary steps for the problem, reducing the extraneous
load that would otherwise be induced by searching memory for the appropriate steps
during initial learning.
Measurement of germane cognitive load
A recently developed method of cognitive load measurement utilizes
physiological recording to measure cognitive load (Paas, Tuovinen, et al., 2003; Van Gog
& Paas, 2008). Mean pupil dilation increases as a function of memory load in younger
participants (i.e., in their early 20s), but this is not true of older participants (Van Gerven
et al., 2003). However, this method can be costly and time consuming, especially in
comparison to the subjective rating scale method described below. Another method of
measuring cognitive load involves dual-task methodology, which is predominantly used
in basic cognitive research to examine individual differences in performance under high
cognitive load but has been used by a few CLT researchers to examine differences in the
cognitive load of educational materials (Brünken, Plass, & Leutner, 2004; Brünken,
Steinbacher, Plass, & Leutner, 2002; Sweller, 1988). In a dual-task protocol, learners are
presented with two concurrent tasks—a primary task and a secondary task—performance
on the secondary task is used as an index of cognitive load for the primary task. For
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example, Brünken, Plass, et al. (2004) used a dual-task methodology to examine
multimedia learning. Participants had to study pictures and verbal instructions on the
function of the blood circulation system while detecting simple auditory tones. However,
this method could be problematic if used in the current study, due to potential secondary
task interference in the primary task, particularly the primary task with the manipulation
of motivation (Brünken, Plass, & Leutner, 2003). Participants may not fully immerse
themselves in the motivational context of the problem, nullifying any benefits that could
be gained by the latter manipulation.
The most widely used method of measurement for cognitive load by CLT
researchers is a subjective mental effort rating scale (Paas, 1992; see Appendix A). This
rating scale is typically composed of a single item that ranges from very, very low mental
effort (1) to very, very high mental effort (9) and variations on this scale have been used
to measure overall cognitive load (Ayres, 2006; Paas, Tuovinen, et al., 2003; Paas & Van
Merriënboer, 1994), intrinsic cognitive load (Ayres, 2006; Leppink et al., 2013), as well
as extraneous and germane cognitive load (Leppink et al., 2013). This measurement is
unlikely to interfere with the motivation manipulation because it is both short and
unobtrusive, making it preferable to the dual-task method for this study.
Van Gog et al. (2012) demonstrated that repeating this measurement for each
individual problem produces more accurate results than asking participants to report an
average mental effort rating after completing a set of problems. Van Gog et al. compared
these two methods of rating by manipulating the intrinsic load of a set of problems to
make a set of complex and simple problems. When participants were asked to rate their
mental effort at the end of a task, problem sets that ended on a complex problem had
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significantly higher average mental effort ratings than the same problems in an order that
ended with a simple problem. When multiple ratings were used, this effect disappeared,
and they also found that participants were more accurate if they were informed that they
would be reporting their mental effort during a task.
Leppink et al. (2013) developed a ten-item questionnaire designed to assess the
three subtypes of cognitive load (Appendix B). A confirmatory factor analysis indicated
that a three-factor model fit the data best, indicating that the questionnaire measured
intrinsic, extrinsic, and germane loads. de Jong (2009) has critiqued the inconsistency of
research using self-report measures, particularly in terms of frequency of cognitive load
prompts and consistency of measurement (e.g., variance in the number of scale points
across studies). By using the Paas (1992) scale in conjunction with the Leppink (2013)
scale, I aim to provide an accurate measure of overall load and its three subtypes. The
concurrent use of two separate measures should address de Jong’s concerns by including
both types of frequency—after each question and after the entire set—and allowing for a
test of consistency between the two measures.
Critics of CLT have noted that manipulations of cognitive load have not yielded
consistent results. This may be due to external factors not manipulated by these studies,
like motivation (de Jong, 2010). As such, it is relevant for the discussion of cognitive
load to clearly establish the effects that motivation has on performance when motivation
is measured separately from cognitive load.
Motivation
Motivation can be most clearly described as the intention and desire to engage in
certain behaviors (Ryan & Deci, 2000). The Self-Determination Theory of motivation
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focuses on two types of motivation: extrinsic and intrinsic. Learners who are extrinsically
motivated rely on the benefits coming from the reward associated with engaging in a task
(Vallerand et al., 1992). A student who is motivated solely by the desire to achieve the
necessary grade in a mandated requirement is demonstrating extrinsic motivation.
A type of motivation highly relevant to educational settings is intrinsic
motivation, or the motivation to learn for the sake of learning, and not for some extrinsic
reward (Cordova & Lepper, 1996; Lepper, 1988, Pintrich, 2003). An example of intrinsic
motivation would be a student’s desire to learn about psychology because the topic is
interesting and enjoyable. Intrinsic motivation has been linked to increased performance
on academic tasks in educational settings (Burger, 1987; Lepper, 1988; Pintrich, 2003).
For this reason, it is important to enhance and evaluate students’ intrinsic motivation to
improve instructional materials and techniques.
Manipulation of intrinsic motivation
Several features of motivation can be distilled from Self-Determination Theory to
manipulate intrinsic motivation. Chief among these are three factors: contextual learning,
personalized context, and choice. Contextual learning is the idea that learning material in
context is more motivating than learning material abstractly (Brown, Collins, & Duguid,
1989). An example of this distinction is a word problem in mathematics, which describes
a context rather than an abstract version that contains only numbers. With the use of these
contexts in the format of a game (Malone, 1981), instructional materials can be made
enjoyable and interesting, thereby increasing one’s intrinsic motivation to learn.
Personalization is a subset of contextual learning that states that the type of
context matters, with more personally interesting contexts being more intrinsically
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motivating. Personalization enhances this context by presenting the material within topics
of personal interest and relevance (Cordova & Lepper, 1996). Simply put, the same word
problem in mathematics described above can be modified to include aspects that are
personally relevant to the learner, thereby increasing intrinsic motivation to complete the
task. Finally, giving students a small level of personal control or autonomy (Ryan &
Deci, 2000) over their learning process also increases motivation (Cordova & Lepper,
1996) and this effect has been shown to be true for animals as well (Perlmuter & Monty,
1977).
In a notable study examining the effect of these three factors, Cordova & Lepper
(1996) had elementary school students play games in which context, personalization, and
choice were manipulated. In some games, no context, personalization, or choice was
present. Other games contained, one, two, or all three of these features. An example of a
game with all three features was a fantasy context within a computerized board game
personalized with the student’s nickname and favorite foods, which gave the student
minor choices that did not affect instruction. Cordova and Lepper (1996) found that
utilizing all three factors resulted in the greatest improvement in intrinsic motivation.
Although this is an encouraging finding, the specifics of this study have only been
attempted with elementary school children (Cordova & Lepper, 1996), and application of
these methods to older students has yet to be examined. This distinction is important due
to research showing that intrinsic motivation for academic tasks tends to decrease and
then become more stable as students get older (Gottfried, Fleming, & Gottfried, 2001;
Lepper, Corpus, & Iyengar, 2005).
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Motivation has been linked to cognitive load in a recent study on gamification
(Su, 2015). Gamification involves the use of the three different elements of intrinsic
motivation described above to develop a cohesive gaming context aimed specifically at
training or instruction of a concept or task. Su (2015) examined the impact of
gamification on several factors, including motivation and cognitive load. Su found that
gamified learning increased academic performance, and that these gains were tied to an
increase in motivation and a directly related decrease in cognitive load. This finding
suggests that motivation and cognitive load are factors that should be investigated
together to understand the relative contributions of each to learning.
Measurement of intrinsic motivation
Two scales have been used frequently to directly measure intrinsic motivation: the
Academic Motivation Scale (Vallerand et al., 1992) designed specifically to measure
motivation in educational settings and the Intrinsic Motivation Inventory (Ryan, 1982;
See Appendix C) which is designed to measure the level of intrinsic motivation to
complete a specific task (Ryan, 1982). Although intrinsic motivation to engage in
education as a whole is an important aspect of learning, the design of instructional
materials can benefit more from the measurement of this factor at the task level. With this
factor in mind, the current study made use of the Intrinsic Motivation Inventory (IMI).
Validity and reliability of the IMI has been assessed. McAuley, Duncan and
Tammen (1989) found evidence of reliability (α= .85), and internal consistency among
the four subscales: interest-enjoyment (α =.78), perceived competence (α =.80), effort (α
=.84), and pressure-tension (α =.68). Confirmatory factor analysis revealed that a
hierarchical 5-factor model fit the data best, GFI = .79. There were 4 first order factors:
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Interest-Enjoyment, Perceived Competence, Effort-Importance, and Tension-Pressure, as
well as a single higher-order factor: Intrinsic Motivation.
These results indicate that this scale is reliable and valid for use as measures of
intrinsic motivation. In particular, the wording and structure of the IMI appears useful for
assessment of intrinsic motivation manipulations. Specifically, the IMI uses task-specific
wording that can be altered to collect a baseline and post-manipulation measure of
intrinsic motivation. If used in conjunction with contextual manipulations, the IMI can be
used to determine a participant’s baseline intrinsic motivation, as well as to determine
whether intrinsic motivation was successfully manipulated by context.
The Present Study
The connection between motivation and performance in educational settings has
been researched extensively, but much remains to be discovered about motivation’s role
when cognitive load and WM capacity are concurrently considered. If de Jong (2010) is
correct in suggesting that motivation is a factor influencing the role of cognitive load, we
would benefit from understanding the relationship between these two factors and their
interaction with performance. Additionally, would individual differences in WM affect
the strength of the relationship between cognitive load and motivation? Are motivation
and cognitive load equally important to academic performance, or should one be
preferentially considered when designing instructional materials? The proposed study,
informed by research on the impacts of motivation, WM, and cognitive load on learning,
will attempt to answer these questions, as well as to provide a cohesive background for
the development of instructional material.
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If class materials can be made to enhance both germane cognitive load and
intrinsic motivation, and individual differences in WM can be accounted for, we could
potentially see additive learning boosts from these factors. Thus, the most effective
combination of these strategies would involve the use of worked examples within a game
context that is personalized and includes the factor of choice. To fully understand this
relationship, we must carefully consider how this combination of approaches could be
influenced by individual differences such as expertise (Paas, Renkl, et al., 2004) and WM
(Beilock & Carr, 2005). As such, a study that measures both of these factors is necessary
to understand the underlying connections between intrinsic motivation, germane
cognitive load and WM.
Research shows that higher WM and higher intrinsic motivation both help
performance, and that higher cognitive load is especially detrimental for those with high
WM. With these findings in mind, I propose the following hypotheses:
1. The combination of context, personalization, and choice manipulations will
increase intrinsic motivation (Cordova & Lepper, 1996).
2. Worked examples will decrease overall cognitive load (Paas, Tuovinen, et al.,
2003; Paas, Van Merriënboer, & Adam, 1994).
3. Increasing motivation will decrease cognitive load (Su, 2015).
4. Increased intrinsic motivation will lead to increased performance (Cordova &
Lepper, 1996).
5. Decreased cognitive load will lead to increased performance (Leppink et al.,
2013).
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6. Increased intrinsic motivation and decreased overall cognitive load will lead to
additive increases in performance (Paas & Van Merriënboer, 1994).
7. When overall cognitive load is not manipulated (i.e., the motivation alone and
control conditions), participants with high WM may experience choking, resulting
in a loss of performance advantage (Beilock & Carr, 2005; Wang & Shah, 2013).
Hypotheses one and two are checks of the manipulations of intrinsic motivation
and cognitive load respectively. Based on the definitions of the three types of load,
decreasing cognitive load as a whole refers to differing amounts of germane and
extraneous load (Paas, Tuovinen, et al., 2003). As such, I expect worked examples to
increase performance by increasing germane load while simultaneously decreasing
extraneous load. Hypothesis three is an exploratory hypothesis aimed at replicating a
finding from a recent study by Su (2015) that found a negative relationship between
learning motivation and cognitive load in a gamified learning task.
Hypotheses four and five are replications of prior studies on intrinsic motivation
and cognitive load. Hypothesis six describes the expectation that the learning boost from
increasing intrinsic motivation and decreasing cognitive load will be even larger than
either manipulation on its own. For this hypothesis, I expect an interaction between
intrinsic motivation and cognitive load on test performance, such that increasing intrinsic
motivation and decreasing cognitive load leads to the best test performance. This
hypothesis also draws from the expectation in hypothesis two, that the decrease in overall
cognitive load refers to an increase in germane load and a decrease in extraneous load.
The final hypothesis states that high WM will result in higher performance except under
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high overall cognitive load. Thus, WM is expected to be less likely to predict
performance in conditions with high cognitive load.
Method
Experiment 1
Participants
All participants were treated in accordance with guidelines set by Western
Kentucky University’s Institutional Review Board for human subjects research
(Appendix D). Amazon's Mechanical Turk (AMT) was used to recruit 124 participants.
Burhmester, Kwang, and Gosling (2011) reported that the AMT participant pool is
similar to the standard internet population (55% female), though they tend to be older (M
= 32.8 years, SD = 11.5) than standard internet participants (M = 24.3 years, SD = 10.0).
The current sample was mostly female (61.3%) and the majority of participants were
between the ages of 25 and 54 years old (85.5%). Education levels among these online
participants were mainly distributed between some college (22.6%), 2-year college
(19.4%), and completion of a 4-year degree (37.1%). All participants were at least 18
years old, located in the United States, proficient in English (96% reported English as a
first language). All participants were paid $2 for their participation. The Qualtrics survey
platform was the primary method of administration for this study, with the exception of
the WM span tasks, which were presented using Millisecond Software's Inquisit Web.
Materials
To increase intrinsic motivation, practice problems were: manipulated so that they
are set within a context that is relevant to the participant, problems were personalized and
participants were given three instructionally incidental choices (Cordova & Lepper,
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1996). For the context manipulation, the problems were presented in a Zombie
Apocalypse setting (Appendix E). Pilot testing of three possible contexts (see Appendix
E) indicated that the Zombie Apocalypse context is the preferred and most relevant
context to the participants on Amazon’s Mechanical Turk. To personalize this setting,
participants fill out a form with their preferred name, the name of their best friend, and
their home state. These three pieces of information are inserted into the text of the
problem instructions. Additionally, the participant was given three choices: pick a
personal avatar image, pick the friend’s avatar image, and pick the type of vehicle that
they will use for transport within the context (see Figures E1 & E2, Appendix F).
The IMI was used to determine the effect of the context, personalization, and
choice manipulations on intrinsic motivation (Ryan, 1982; Appendix C). For this study,
one version was modified to use the future tense so that it can act as a baseline measure
of intrinsic motivation. The first measure was presented before the start of the practice
session, and the second IMI was presented between the practice and test sessions. A pilot
test of these manipulations has shown that they do increase intrinsic motivation for
participants (F(3,9) = 5.68, p = .018) as measured by the pre-practice and post-practice
IMIs (Brunt, Saeedi, & Redifer, 2015).
Modular arithmetic multiplication problems were used as the measure of
mathematical performance. These problems were chosen to minimize any expertise
effects for mathematics (see Appendix G; Beilock & Carr, 2005). Performance was
separately calculated for the practice and test sessions by the percent of correct responses
in each. The problems were multiple-choice with four possible options, and there were
five problems in the practice session and ten problems in the test session. To decrease
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extraneous load and increase germane load, I used worked examples (Renkl, Atkinson, &
Maier, 2000). The participants received instructions on multiplication modular arithmetic
problems in the form of a worked example. In conditions using this manipulation,
participants had example-problem pairs throughout the practice session, consisting of five
examples and five practice problems (see Appendix G). Two measures of cognitive load
were used to assess the effectiveness of this manipulation, as well as the cognitive load of
all participants. The first was the single-item measure of overall cognitive load from Paas
(1992), which was presented immediately after each problem in both the practice and the
test sessions. The second measure of cognitive load was a ten-item questionnaire with
separate questions for each type of cognitive load: intrinsic, extraneous, and germane
(Leppink, 2013). This questionnaire was presented alongside the second IMI, between the
practice and test sessions.
WM capacity was measured using two shortened automated span tasks: the
symmetry and operation span tasks (Oswald, et al., 2014). These tasks were
counterbalanced and administered together just before the demographics.
Procedure
This study was a 2 (intrinsic motivation) by 2 (cognitive load) between-subjects
design with participants randomly assigned to one of four groups: control, worked
examples only, high motivation only, and a combined worked examples, high motivation
group (see Table 1). All participants completed a six question test of preexisting
knowledge of modular arithmetic problems and multiplication tables. In order to continue
in the study, participants had to incorrectly answer two modular arithmetic problems and
correctly answer four multiplication problems. This was to ensure that the participants
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that continue would be able to complete the problems (they know multiplication) and
they did not already know how to solve modular arithmetic problems. Then, all qualified
participants received a modified Intrinsic Motivation Inventory (IMI) consisting of 14
items to assess their baseline intrinsic motivation to complete the modular arithmetic
task. At this point, participants were split into one of the four conditions and underwent
training in a math task presented in a format that varied based on their group.
Control condition
Initial instructions on how to complete a modular arithmetic problem were
provided, followed by six practice problems. Participants filled out a mental effort rating
scale after each practice problem and were given immediate feedback for correct or
incorrect responses (e.g., a screen appeared that says “Correct” or “Incorrect”).
Worked examples only condition
In this condition, the instructions were identical to the control condition.
However, the six practice problems were presented with worked examples to enhance
germane load. Participants filled out a mental effort rating scale after each practice
problem and were given immediate feedback for correct or incorrect responses. See
Appendix G for a sample worked example problem.
Motivation only condition
In this condition, the instructions were modified to fit the Zombie Apocalypse
context (See Appendix E). These contexts continued throughout the practice problems,
and the feedback provided for these questions were visually presented in a manner related
to the context. Additionally, personalization was manipulated by adding the participant’s
nickname, their best friend’s name, and their home state to the instructions, questions,
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and feedback. Choice was manipulated by allowing participants to choose a personal
avatar, their best friend’s avatar, and their mode of transportation within the fictional
context. This condition did not utilize any worked examples. Participants filled out a
mental effort rating scale after each practice problem and were given immediate,
contextually modified feedback for correct (i.e., “You’re one step closer to saving the
president”) or incorrect responses (i.e., “Oh no! You answered incorrectly and are now
being chased by an angry lion!”). See Appendix G for examples of the motivation
manipulations.
Combined condition
In the combined condition, the instructions and problems were modified to match
one of the three contexts (Jungle Adventure, Rescue the President, or Zombie
Apocalypse), and included worked examples. Choice and personalization were
manipulated using the same parameters as the Motivation Only Condition. Participants
filled out a mental effort rating scale after each practice problem and were given
immediate, contextually modified feedback for correct or incorrect responses.
Post-practice
From this point forward, all materials were identical regardless of group.
Immediately following their practice session, participants completed another IMI
modified to measure their motivation for completing the practice task, as well as an
additional survey of perceived cognitive load. Participants then took a modular arithmetic
test, without any manipulations to presentation format and without performance
feedback. Participants then completed the mental-effort rating scale after each question.
Following the test, participants completed two shortened span tasks: the OSpan and the

23

SymmSpan, to assess WM capacity. Finally, participants completed a brief demographics
survey before being redirected to AMT for submission and payment.
Results and Discussion
Data from participants who completed the study were submitted to betweensubjects ANOVAs to test hypotheses one and two. Hypotheses three through six were
examined using ANCOVAs with linear regression to examine the direction of
relationships, as well as potential interactions. Specifically, the following hypotheses
were tested: that the combination of the context, personalization, and choice
manipulations will increase intrinsic motivation (Hypothesis 1) and decrease cognitive
load (Hypothesis 3), and the worked examples conditions will decrease overall cognitive
load (Hypothesis 2). Furthermore, differences in test scores between these groups were
analyzed to determine if there were any performance boosts for increased intrinsic
motivation (Hypothesis 4) and decreased overall cognitive load (Hypothesis 5), as well as
any additive benefit for the combined condition (Hypothesis 6).
In addition to overall differences from the ten item cognitive load questionnaire,
sums of cognitive load from the practice and test were used to examine the effect of each
condition on cognitive load in the practice and the test, respectively (Hypotheses 2 & 3). I
also conducted a between-subjects ANCOVA with condition, WM, cognitive load, and
WM x cognitive load as independent variables and number of correct modular arithmetic
problems as a dependent variable to test the hypothesis that high WM participants who
experience high cognitive load will answer fewer problems correctly than high WM
participants who do not experience high cognitive load (Hypothesis 7).
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Descriptive data for math familiarity, test performance, working memory capacity
(WMC), intrinsic motivation, and cognitive load are summarized in Table 2. Betweensubjects ANOVAs revealed no significant differences as a function of condition in math
familiarity (as indexed by number of math classes taken), F(3,109) = .096, p = .96, ηp2 =
.003, WMC, F(3,120) = 1.60, p = .19, ηp2 = .039, or performance on the practice
problems, F(3,120) = .82, p = .48, ηp2 = .020, or test (Figure 1), F(3,120) = .27, p = .84,
ηp2 = .007. Also, no significant differences were found between conditions for any type of
cognitive load (Figure 2)—overall practice, F(3,120) = 2.02, p = .11, ηp2 = .048, overall
test, F(3,120) = .94, p = .43, ηp2 = .023, germane load, F(3,119) = .50, p = .68, ηp2 = .013,
extraneous load, F(3,119) = .37, p = .77, ηp2 = .009, or intrinsic load, F(3,119) = .16, p =
.92, ηp2 = .004—nor for either subscale of intrinsic motivation (Figure 3):
interest/enjoyment, F(3,120) = .66, p = .58, ηp2 = .016, or perceived choice, F(3,120) =
2.35, p = .076, ηp2 = .056. Thus, hypotheses one through six were not supported.
However, there were significant individual differences that predicted performance when
condition (i.e., the manipulations) was no longer considered. These individual differences
provide useful information regarding the relationships among intrinsic motivation,
cognitive load, and WMC as well as their contributions to math performance. As such, it
is worthwhile to discuss these data in terms similar to those of the original hypotheses,
changing the focus on manipulation-driven results to individual differences-driven
results.
Hypothesis three predicted that increased motivation from the manipulation
would decrease ratings of cognitive load. Although the manipulation did not affect
motivation, a one-way between-subjects ANOVA revealed that significant differences in
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mean cognitive load based on levels of interest/enjoyment for the task, and a linear
regression analysis indicated the direction of this difference. For the perceived choice
subscale of intrinsic motivation, none of the differences were significant: overall practice
load, F(1,122) = .23, p = .63, ηp2 = .002, overall test load, F(1,122) = .22, p = .64, ηp2 =
.002, germane load, F(1,121) = .46, p = .50, ηp2 = .004, extraneous load, F(1,121) = .2.64,
p = .11, ηp2 = .021, nor intrinsic load, F(1,121) = .22, p = .64, ηp2 = .002.
Interest/enjoyment differed significantly as a function of all three types of cognitive load.
However, this result did not hold across all measures of cognitive load. The difference by
interest/enjoyment was not significant for Paas’ (1992) item-by-item questionnaire in
either the practice, F(1,122) = .017, p = .90, ηp2 < .001, or the test, F(1,122) = 3.11, p =
.080, ηp2 = .025, portions. For the ten-item questionnaire data, a significant main effect of
the interest/enjoyment subscale in intrinsic motivation showed a positive impact on
performance for mean germane load, F(1,121) = 48.9, b = 3.97, SE = .57, p < .001, ηp2 =
.29. A negative impact on performance was found for extraneous, F(1,121) = 12.7, b = 1.37, SE = .38, p = .001, ηp2 = .095, and intrinsic loads, F(1,121) = 14.8, b = -1.75, SE =
.45, p < .001, ηp2 = .11.
These data show that intrinsic motivation, specifically in the form of interest and
enjoyment experienced in the task, have significant impact on perceived cognitive load.
Interest in and enjoyment of the task (intrinsic motivation) are positively related to the
perception of load that is useful and pertinent to the task (germane load) and negatively
related to the perception of load that is either distracting or inherent to the task
(extraneous and intrinsic loads, respectively). Simply put, if we are interested in a task,
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we are more likely to perceive that the load we experience while learning a task is a
useful and necessary load, and less likely to see this load as distracting.
Interestingly, perceived choice did not appear to be a significant factor in
determining whether load was perceived for any type of perceived load. These findings
support the hypothesis that increased intrinsic motivation would decrease cognitive load,
under the assumption that the cognitive load that would be reduced is the detrimental
(extraneous) type of cognitive load (Hypothesis 3). However, an effect of intrinsic
motivation on germane and intrinsic load was not hypothesized due to an absence of
literature on the subject. This finding shows that intrinsic motivation and cognitive load
are significantly linked, and should be considered together in educational settings, as well
as in future research examining these factors.
Hypotheses four and five were concerned with the performance advantages of
increased intrinsic motivation and decreased cognitive load, respectively. The
interest/enjoyment subscale of intrinsic motivation had a significant positive impact on
practice, F(1,122) = 19.1, b = .43, SE = .098, p < .001, ηp2 = .14, and test performance,
F(1,122) = 13.4, b = .58, SE = .16, p < .001, ηp2 = .099. The perceived choice subscale
was not significant for the practice, F(1,122) = 3.60, p = .23, ηp2 = .012, or test
performance, F(1,122) = .32, p = .57, ηp2 = .003. For hypothesis five, there was a
significant negative impact on performance by overall load for the test, F(1,122) = 9.31, b
= -.038, SE = .012, p = .003, ηp2 = .099, but not for the practice phase, F(1,122) = .43, p =
.51, ηp2 = .004. For the ten-item questionnaire of cognitive load, practice performance
was positively impacted by germane load, F(1,121) = 48.6, b = .084, SE = .12, p < .001,
ηp2 = .29, and was negatively impacted by extraneous, F(1,121) = 88.6, b = -.17, SE =
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.018, p < .001, ηp2 = .42, and intrinsic load, F(1,121) = 54.3, b = -.12, SE = .016, p < .001,
ηp2 = .31.
For the test score, there was also a significant, positive impact of germane load on
performance, F(1,121) = 38.6, b = .12, SE = .020, p < .001, ηp2 = .24, as well as negative
impacts of extraneous, F(1,121) = 86.8, b = -.27, SE = .029, p < .001, ηp2 = .42, and
intrinsic loads, F(1,121) = 44.4, b = -.18, SE = .027, p < .001, ηp2 = .27.
These small but significant findings provide some support for hypotheses four and
five, that increased intrinsic motivation and decreased cognitive load, respectively, are
related to increased performance (see Table 3 for a summary). Intrinsic motivation is
positively related to practice and test performance, although this is true only for the
interest/enjoyment subscale and the positive relationship is small for both practice (b =
.43) and the test (b = .58). Overall load was only related to test performance (b = -.038),
but not practice performance, whereas the individual types of load were significant for
both the practice and test scores, with a positive impact on practice and test performance
from higher perceived germane load (b = .084, b = .12, respectively) and negative
impacts on performance from higher perceived extraneous (b = -.17, b = -.27,
respectively) and intrinsic loads (b = -.12, b = -.18, respectively). These support the
expected relationship between better performance and higher intrinsic motivation and
germane load, as well as supporting the expected relationship between diminished
performance and higher overall, extraneous, and intrinsic loads.
For hypothesis six, an interaction between intrinsic motivation and cognitive load
was expected, such that increasing intrinsic load and decreasing cognitive load would
increase test performance. For the practice phase, a between-subjects ANCOVA revealed
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a significant negative impact of extraneous load, F(1,120) = 96.7, b = -.155, SE = .019, p
< .001, ηp2 = .37, and a significant positive impact of interest/enjoyment, F(1,120) = 10.0,
b = .221, SE = .082, p = .008, ηp2 = .057, on practice performance. An interaction
between intrinsic motivation and extraneous load would be expected, but this interaction
did not significantly impact practice performance, F(1,119) = .066, p = .80, b = -.003, SE
= .012, 95% CI [-.026, .020], ηp2 = .001. With regards to test performance, separate
ANCOVAs were run, the first with extraneous load and interest/enjoyment and the
second with overall load and interest/enjoyment. The first yielded a significant negative
impact of extraneous load, F(1,120) = 70.4, b = -.25, SE = .030, p < .001, ηp2 = .37, but
no significant impact of interest/enjoyment was found, F(1,120) = 3.18, b = .24, SE = .13,
p = .077, ηp2 = .026. The second yielded a significant negative impact of overall load,
F(1,121) = 6.83, b = -.032, SE = .012, p = .010, ηp2 = .053, and a significant positive
impact of interest/enjoyment, F(1,121) = 10.8, b = .52, SE = .16, p = .001, ηp2 = .082, on
test performance.
Again, hypothesis six would expect an interaction between interest/enjoyment and
either overall or extraneous load on performance, however, both the extraneous, F(1,119)
= .54, p = .47, b = .014, SE = .019, 95% CI [-.024, .052], ηp2 = .004, and the overall load,
F(1,119) = 2.91, p = .090, b = -.013, SE = .008, 95% CI [-.029, .002], ηp2 = .024, with
interest/enjoyment interactions did not significantly impact performance. These results
suggest that, although there are significant effects of interest/enjoyment and cognitive
load (specifically extraneous load) there does not appear to be an interaction between
these factors, such that high intrinsic motivation and low cognitive load interact to
increase test or practice performance.
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For hypothesis seven, two ANCOVAs were run to test if there were any effects of
WMC alongside either overall load or extraneous load, and to test potential interactions.
The WMC variable used for these analyses is the mean of the z scores for both the OSpan and SymSpan partial scores (Conway et al., 2005). The first analysis included
overall load and WMC, and revealed a significant negative impact of overall load,
F(1,121) = 6.12, b = -.030, SE = .012, p = .015, ηp2 = .048, and a significant positive
impact of WMC, F(1,121) = 9.00, b = .80, SE = .27, p = .003, ηp2 = .069, on test
performance. An interaction was tested, but it did not significantly impact test
performance, F(1,120) = .014, p = .91, b = -.002, SE = .016, 95% CI [-.034, .031], ηp2 <
.000. The second analysis included extraneous load and WMC, and revealed a significant
negative impact of extraneous load, F(1,120) = 78.0, b = -.25, SE = .029, p < .001, ηp2 =
.39, and a significant positive impact of WMC, F(1,120) = 6.73, b = .56, SE = .21, p =
.011, ηp2 = .053. Again, the interaction between these factors did not significantly impact
test performance, F(1,119) = .2.91, p = .97, b = -.036, SE = .037, 95% CI [-.11, .037], ηp2
= .008. These results do not support the hypothesis that cognitive load affects participants
differently as a function of their WMC. However, comparison of the effect sizes for the
factors in these two analyses of cognitive load suggest that extraneous cognitive load
explains a much greater amount of variance in performance than WMC (ηp2 = .39 and ηp2
= .053, respectively).
In sum, Experiment 1 produced significant effects for individual differences in
intrinsic motivation, cognitive load, and WMC. Intrinsic motivation was related to
decreased detrimental load (i.e., extraneous and intrinsic), and both increased intrinsic
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motivation and decreased cognitive load were related to better performance. However,
none of these differences were produced as a result of the experimental manipulations.
Several features of Experiment 1 could contribute to the lack of significant
findings for the cognitive load and intrinsic motivation manipulations. First, performing
the study online may have allowed participants to cheat on the practice and test portions.
Although no significant differences in WM capacity were found among conditions, an
additional control for WM would be beneficial to ensure that each condition has a
representative sample of WM capacity levels. Accomplishing this with a two-part design
could have the added benefit of reducing fatigue, since the previous experiment took, on
average, approximately one hour and forty-five minutes. Additionally, comments from
participants in the AMT sample indicated that the payment for this amount of work was
potentially insufficient. To address this, we increased the participation incentive to $5 in
Experiment 2.
Experiment 2
Participants
All participants were treated in accordance with guidelines set by Western
Kentucky University’s Institutional Review Board for human subjects research
(Appendix D). 102 undergraduates were recruited from the Western Kentucky University
research pool. Participants completed the study for credit towards an undergraduate class
and were given $5 for completing both parts of the experiment. The majority of
participants were female (64.7%), had completed high school (36.3%) or some college
(53.9%), and were between the ages of 18 and 24 (95%). All participants were at least 18
years old and were proficient in English.
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Materials
All materials in Experiment 2 were identical to those in Experiment 1.
Procedure
The procedure for Experiment 2 was only slightly different from Experiment 1.
Participation was split into two sessions and occurred in the lab. The first session lasted
45 minutes at most, and participants were given the pretest, then the two WM tasks, and
then the demographics questionnaire. Session two lasted one hour at most, and consisted
of the following, in order: the IM pretest, training in their respective condition, the CL
questionnaire, the IM post-test, and finally the transfer test.
Results and Discussion
A summary of descriptive statistics for the variables of interest in this study are
located in Table 2. As in Experiment 1, there were no significant differences by condition
for math familiarity, F(3,98) = .22, p = .89, ηp2 = .007, WMC, F(3,95) = 2.67, p = .052,
ηp2 = .078, practice score, F(3,98) = .42, p = .74, ηp2 = .013, or test score (Figure 4),
F(3,98) = .44, p = .72, ηp2 = .013. There were also no significant differences by condition
for either subscale of intrinsic motivation (Figure 6): interest/enjoyment, F(3,98) = 1.30,
p = .28, ηp2 = .038, or perceived choice, F(3,98) = 1.06, p = .37, ηp2 = .031. Additionally,
there were no significant differences by condition in any type of cognitive load (Figure
5): overall practice, F(3,98) = .13, p = .95, ηp2 = .004, overall test, F(3,98) = .70, p = .55,
ηp2 = .021, germane, F(3,97) = .36, p = .78, ηp2 = .011, extraneous, F(3,96) = .79, p = .50,
ηp2 = .024, or intrinsic loads, F(3,98) = .54, p = .66, ηp2 = .016. Significant individual
differences were found for test performance by cognitive load, intrinsic motivation and
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WMC. For this reason, I will again describe the results in terms of the individual
differences of the participants rather than in terms of the manipulations.
In testing Hypothesis three—that increasing intrinsic motivation leads to
decreased cognitive load—the perceived choice subscale did not yield significant results
for any type of load: overall practice, F(1,100) = .10, p = .75, ηp2 = .001, overall test,
F(1,100) = 1.85, p = .18, ηp2 = .018, germane, F(1,100) = .34, p = .56, ηp2 = .003,
extraneous, F(1,100) = .25, p = .62, ηp2 = .003, or intrinsic loads, F(1,100) = .27, p = .60,
ηp2 = .003. The interest/enjoyment subscale also did not yield significant impacts for
overall practice load, F(1,100) = .13, p = .72, ηp2 = .001, or overall test load, F(1,100) =
.17, p = .68, ηp2 = .002. However, in support of hypothesis three, the interest/enjoyment
subscale did yield significant positive impacts for germane load, F(1,99) = 50.8, b = 6.84,
SE = .961, p < .001, ηp2 = .34, significant negative impacts for extraneous load, F(1,98) =
15.2, b = -2.58, SE = .66, p < .001, ηp2 = .14, and intrinsic load, F(1,100) = 15.0, b = 2.58, SE = .67, p < .001, ηp2 = .13. These results partially support hypothesis three, that
intrinsic motivation is related to cognitive load, and this result replicates the findings of
Experiment 1 for this hypothesis.
Hypotheses 4 and 5 were similarly supported. The interest/enjoyment subscale of
intrinsic motivation showed significant positive impacts for both practice, F(1,100) =
30.6, b = .77, SE = .14, p < .001, ηp2 = .23, and test scores, F(1,100) = 13.2, b = .81, SE =
.22, p < .001, ηp2 = .12. The perceived choice subscale did not show a significant impact
for practice score, F(1,100) = 3.21, p = .076, ηp2 = .031, or for test score, F(1,100) = .34,
p = .56, ηp2 = .003. Differences in performance by overall cognitive load were not
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significant for the practice, F(1,100) = 1.01, p = .32, ηp2 = .010, or test scores, F(1,100) =
.009, p = .93, ηp2 < .000.
However, for the practice phase there was a significant, positive impact of
germane load, F(1,99) = 76.8, b = .088, SE = .010, p < .001, ηp2 = .44, and negative
impacts of extraneous load, F(1,98) = 45.8, b = -.13, SE = .019, p < .001, ηp2 = .32, and
intrinsic load, F(1,100) = 13.7, b = -.077, SE = .21, p < .001, ηp2 = .12. Similar results
were found for the test phase, with a positive impact of germane load, F(1,99) = 35.8, b =
.104, SE = .017, p < .001, ηp2 = .27, and negative impacts of both extraneous, F(1,98) =
32.0, b = -.16, SE = .028, p < .001, ηp2 = .25, and intrinsic loads, F(1,100) = 9.65, b = .098, SE = .032, p < .001, ηp2 = .088.
Hypothesis six was tested for both the practice and test phase using a betweensubjects ANCOVA on performance, with extraneous load and interest/enjoyment as
factors. Overall load was excluded from these analyses due to its lack of effectiveness in
all prior analyses. In the practice phase, a significant negative impact was found for
extraneous load, F(1,97) = 16.5, b = -.099, SE = .019, p < .001, ηp2 = .22, and a
significant positive impact on performance was found for interest/enjoyment, F(1,97) =
16.5, b = .54, SE = .13, p < .001, ηp2 = .15. Similar results were found in the test phase,
where extraneous load had a negative impact on performance, F(1,97) = 20.0, b = -.13,
SE = .029, p < .001, ηp2 = .17, and interest/enjoyment had a positive impact, F(1,97) =
6.60, b = .53, SE = .21, p = .012, ηp2 = .064. Interactions were expected such that high
intrinsic motivation with low cognitive load would have the greatest impact on
performance, but this result failed to reach significance for the practice phase, F(1,96) =
.17, p = .68, b = -.008, SE = .019, 95% CI [-.046, .030], ηp2 = .002, or the test phase,
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F(1,119) = .21, p = .65, b = -.014, SE = .030, 95% CI [-.074, .046], ηp2 = .002. These
results do not support the hypothesis of an interaction between intrinsic motivation and
cognitive load on math performance.
To assess the impact of cognitive load and WM on performance, a betweensubjects ANCOVA was utilized with WMC and extraneous load on test performance.
WMC yielded a significant positive effect on performance, F(1,97) = 6.85, b = .63, SE =
.24, p = .010, ηp2 = .068, and extraneous load yielded a significant negative effect,
F(1,94) = 29.7, b = -.15, SE = .028, p < .001, ηp2 = .24. An interaction between these
factors failed to reach significance, F(1,93) = 2.25, p = .14, b = .061, SE = .040, 95% CI
[-.020, .14], ηp2 = .024. These findings fail to support the hypothesis that extraneous load
affects the relationship between WMC and math performance.
Taken together, there is some support for the effects of cognitive load, intrinsic
motivation, and WMC on performance. Germane load, intrinsic motivation, and WMC
all positively impact performance, whereas extraneous and intrinsic loads both negatively
impact performance (see Table 4 for a summary). However, the expected interactions
between intrinsic motivation and cognitive load and between cognitive load and WMC
both failed to reach significance.
General Discussion
Our results indicate that manipulations of intrinsic motivation did not affect
learning in either sample, but WMC continued to predict performance in both samples,
regardless of participants’ levels of motivation or cognitive load. Several explanations
can account for the absence of findings in both the cognitive load and IM manipulated
conditions.
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With regards to individual differences, both experiments produced similar results.
Intrinsic motivation was significantly related to increases in the perception of germane
load and test performance and to decreases in the perception of extraneous and intrinsic
loads. Cognitive load effects on intrinsic motivation and performance were only found
for the ten-item measurement that was administered between the practice and test phases,
but not at all for the item-by-item measure in neither the practice nor the test. This
measure produced findings in line with CLT, specifically that perceived germane load
had a positive impact on performance in both samples, whereas extraneous and intrinsic
loads had negative impacts.
The finding that both of these factors influence performance replicates past
research, and supports the argument that the connection between IM and CL is not
merely an artifact of the measurements. Additional support for the connection between
IM and CL is that these findings were found in both Online and In-lab samples. This
connection between intrinsic motivation and cognitive load has not previously been
found or discussed to our knowledge. This finding, as well as recent findings of a
connection between cognitive load and academic motivation by Su (2015), directly
address the concern raised by de Jong (2010) about the possible confound of motivation
in cognitive load research. This suggests that future research on cognitive load would
benefit from considering the impact of intrinsic motivation, particularly when math
performance is a dependent variable of interest.
Working memory also had a significant impact on performance, as did the
number of math courses that a participant had taken. However, there were no interactions
between WMC and cognitive load on performance, as the literature would suggest
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(Schelble, Therriault, & Miller, 2012. Additionally, the relative effect sizes of these
factors shows that extraneous load explains much more of the variance in test
performance than WMC, even if the predictive value of WMC is greater than for
extraneous load.
Limitations
This study had several limitations worth noting, the first of which is potential
issues with measurement of our variables of interest. As discussed by de Jong (2010)
there are issues with measurement in CLT. In this study, two different types of CL
measurement were used: an item-by-item measure of overall load and a ten-item
questionnaire with subscales for germane, extraneous, and intrinsic loads. Individual
differences were found for the ten-item questionnaire, but not for the item-by-item scale,
suggesting that the overall measure of cognitive load may be too simplistic to capture
perceived load on a task.
Although the measurement of IM is comparatively less troubled, there are still
some methodological issues that may have contributed to the lack of findings for this
factor. Principal among these issues is the baseline measure of IM. The baseline measure
of IM was a predictive assessment of perceived interest/enjoyment and choice with
regard to the math task. Research on affective forecasting has shown that predictive
assessments of affect are subject to consistent overestimation, (Wilson & Gilbert, 2005).
This means that the initial IMI may have been affected by participants’ inability to
forecast their future IM for the task. As such, the analyses reported for IM here only
include the post-manipulation IMI, rather than using the change in IMI from pre to postmanipulation.
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In addition to measurement, the manipulation of IM may have also been conflated
with participants’ general feelings about math. By the time the baseline IMI was
administered, participants were already aware that the task itself is related to math, and
they were certainly aware of the task’s nature by the second administration of the IMI. If
a participant had an aversion to math before the task, it is unlikely that a small
manipulation would reverse this aversion to a measureable degree. However, this
explanation is merely conjecture; without information on participants’ feelings towards
math, there is no method of testing if math aversion affects IM ratings.
The manipulation of cognitive load also failed to support the hypothesis that
worked examples for these types of problems could affect perceived cognitive load or test
performance. Several features of the manipulation could account for this finding. First,
the problems themselves may have been too simplistic; there were only four steps (see
Appendix G) for these problems, so initial encoding of the steps in the instructions may
have been enough to affect performance. The second issue, which echoes a concern with
intrinsic motivation, could be the subject matter itself. Aversion to math could have an
effect in this case as well, such that the worked examples manipulation would have been
unable to alter the perceived cognitive load of the task at hand.
Future research could address both of these issues by addressing learning in
another field, like computer programming. Computer programming is a complex task
requiring several steps, and may not have the same aversive connotation that math seems
to have. The use of computer programming as the subject matter for a learning task with
intrinsic motivation and cognitive load manipulations would be a good future direction
for this research, although the issues with measurement must still be considered.
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Conclusion
The findings of this study are unique in that they have linked factors like
motivation and cognitive load. Intrinsic motivation and cognitive load both impacted
performance, and were also related to each other. Working memory capacity also affects
performance, but has a relatively smaller effect size than the effects shown for intrinsic
and extraneous loads. Regardless of the ineffectiveness of the manipulations in this study,
significant correlations indicate the importance of these factors as predictors for each
other and performance. However, manipulations must still be sought out that can
potentially manipulate the cognitive load of a math problem, as well as the intrinsic
motivation of a student attempting to learn math. The current research does not have the
answer to this question, but does show support for the influence of these factors.
Importantly, the current research shows a link between intrinsic motivation and
cognitive load. This relationship requires further experimentation to discern how these
variables interact to impact performance. Hopefully, the support provided by this study of
the importance of intrinsic motivation, cognitive load, and working memory capacity will
be utilized in further studies to develop optimal instructional materials.
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________________________
1
Hidden carry definition from Wang & Shah (2013):
The hidden carry problem literally has 3 carries, but the sum of the ten’s column
is 9 and the carry at this digit is only apparent when the unit’s digit is calculated
and put a carry to the ten’s digit, thus turning the 9 here into 10. This setting of
the problem shuts the backdoor: If subjects fail to perform complete calculation,
due to the hidden carry, the partial calculation will give them exactly the result in
the lure option. (pp. 5-6)
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Appendices

APPENDIX A: Self-Report Measure of Cognitive Load (Paas, 1992)
Please choose the category that applies to you: In the task that just finished I
invested
1. Very, very low mental effort
2. Very low mental effort
3. Low mental effort
4. Rather low mental effort
5. Neither low nor high mental effort
6. Rather high mental effort
7. High mental effort
8. Very high mental effort
9. Very, very high mental effort.
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APPENDIX B: Additional Survey of Cognitive Load (Leppink et al., 2013)
Items 1, 2 and 3 measure intrinsic load, items 4, 5 and 6 measure extraneous load,
and items 7, 8, 9, and 10 measure germane load.
Please respond to each of the questions on the following scale
0

1

2

3

4

5

Not at all the case

6

7

8

9

10
Completely

the case
1. The topic/topics covered in the activity was/were very complex. (Intrinsic)
2. The activity covered formulas that I perceived as very complex. (Intrinsic)
3. The activity covered concepts and definitions that I perceived as very complex.
(Intrinsic)
4. The instructions and/or explanations during the activity were very unclear.
(Extrinsic)
5. The instructions and/or explanations were, in terms of learning, very ineffective.
(Extrinsic)
6. The instructions and/or explanations were full of unclear language. (Extrinsic)
7. The activity really enhanced my understanding of the topic(s) covered. (Germane)
8. The activity really enhanced my knowledge and understanding of modular
arithmetic. (Germane)
9. The activity really enhanced my understanding of the formulas covered.
(Germane)
10. The activity really enhanced my understanding of concepts and definitions.
(Germane)
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APPENDIX C: The Intrinsic Motivation Scale (Ryan, 1982)
Items 1, 2, 3, 5, 10, 12, and 14 all measure interest and enjoyment. Items 4, 6, 7,
8, 9, 11, and 13 all measure choice.
Future Tense Version
For each of the following statements, please indicate how true it is for you, using the
following scale:
1

2

3

4
7

not at all true

somewhat true
very true

1. I think this activity will be quite enjoyable.
2. This activity will be fun to do.
3. I would describe this activity as very interesting.
4. I believe I have some choice about doing this activity.
5. I will enjoy doing this activity very much.
6. I will do this activity because I have to.
7. I don’t really have a choice about doing this task.
8. I feel like it is not my own choice to do this task.
9. I feel like I have to do this.
10. This activity will not hold my attention at all.
11. I will do this activity because I want to.
12. I think this will be a boring activity.
13. I will do this activity because I have no choice.
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5

6

14. While considering this activity, I am thinking about how much I will enjoy it.

Past Tense Version
For each of the following statements, please indicate how true it is for you, using the
following scale:
1

2

3

4

5

6

7
not at all true

somewhat true
very true

1. I thought this activity was quite enjoyable.
2. This activity was fun to do.
3. I would describe this activity as very interesting.
4. I believe I had some choice about doing this activity.
5. I enjoyed doing this activity very much.
6. I did this activity because I had to.
7. I didn’t really have a choice about doing this task.
8. I felt like it was not my own choice to do this task.
9. I felt like I had to do this.
10. This activity did not hold my attention at all.
11. I did this activity because I wanted to.
12. I thought this was a boring activity.
13. I did this activity because I had no choice.
14. While I was doing this activity, I was thinking about how much I enjoyed it.
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APPENDIX E: Full-length context descriptions (Brunt, Saeedi, & Redifer, 2015)
1. Jungle Adventure: An expedition in the Amazon goes wrong when a member
of your team gets bit by a rare venomous snake! The only cure is a plant that is only
found in the thickest, most dangerous part of the jungle. In order to save your friend, you
must complete a series of challenging questions that will allow you to overcome the
many obstacles you will face along the way to get the antidote. You will have to outsmart
sneaky jungle cats, avoid disease-ridden insects, and muscle your way through thick
jungle brush in order to save your friend from the snake’s deadly venom.
2. Rescue the President: The White House’s security system has been hacked, and
every door has been locked. Trapped inside his bedroom, the president has given you and
your partner, the best special agents, the task of resetting the security system. However,
the instructions for unlocking the doors has been scattered throughout the country. Each
clue is in a different U.S. city and is locked by a challenging question. You must answer
the question in order to unlock the protocol and reset the White House’s security system.
3. Zombie Apocalypse: A recent disaster has turned everyone in your state into
murderous zombies. The Federal Government has placed the state under quarantine, and
they have asked you to enter the quarantined zone and locate a stronghold of survivors
that hold the key to the antidote. Along the way, the Feds have dropped supplies along
the way, but they have been locked with questions about a challenging subject. You must
answer the questions to access the supplies. Your rewards for successfully surviving the
quarantine zone are the rescue of these survivors and preventing the zombie plague from
wiping out humanity.
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APPENDIX F: Examples of Motivation Manipulations (Brunt, Saeedi, & Redifer,
2015)
Below is an example of a context, personalization, and choice manipulation.
Information entered on a prior survey is inserted into the underlined fields. For “vehicle
choice”, participants were given a choice between a helicopter, a jet, a humvee, or a
jetpack. Additionally, participants chose an avatar for themselves and their best friend,
from the options in Figure E1. Figure E2 shows an example of the introduction to a
problem that includes the choices from the participant, as well as the context.
Dear (preferred nickname),

A recent disaster has turned everyone in the United States into murderous zombies.
The United Nations have placed the U.S. under quarantine, and we need you and (name
of best friend) to enter the quarantined zone and locate a stronghold of survivors that hold
the key to the antidote. We've dropped supplies in various cities around the country, but
they have been locked with questions about a challenging subject to ensure that you alone
are able to access them.
You must answer the questions to access the supplies. Your rewards for successfully
surviving the quarantine zone are the rescue of these survivors and preventing the zombie
plague from wiping out humanity. We're sending a (vehicle choice) to (home state) to
pick you up immediately. More instructions will follow.

Best of luck on this mission.
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Figure E1: These avatars are part of the choice manipulation. Participants pick one of
these avatars for themselves, and another for their best friend.

Figure E2: Example of a problem introduction with context, personalization, and choice.
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APPENDIX G: Modular Arithmetic Problems: Conventional and Worked
Examples (Brunt, Saeedi, & Redifer, 2015)
A conventional example of a Gauss’ Modular Arithmetic Multiplication problem
Please evaluate the following expression, then choose the correct answer
(34*29) mod 8
10

5

2

1

A worked example of a Gauss’ Modular Arithmetic Multiplication problem
Evaluate (24 * 59) mod 5
Use the formula: (24 * 59) mod 5 = (24 mod 5 * 59 mod 5) mod 5
Step 1: Evaluate 24 mod 5. 5 goes into 24 four times with a remainder of 4, so 24 mod 5
=4
Step 2: Evaluate 59 mod 5. 5 goes into 59 eleven times with a remainder of 4, so 59 mod
5=4
Step 3: Multiply the two answers. 4 * 4 = 16.
Step 4: Evaluate 16 mod 5 to get the final answer. 5 goes into 16 three times with a
remainder of 1, so 16 mod 5 = 1.
Thus, (24 * 59) mod 5 = 1
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Tables

Table 1
Condition Descriptions
Condition

Motivation
manipulation

Cognitive load
manipulation

Feedback format

Control

None

None

"Correct!" or "Incorrect."

Motivation only

Zombie
apocalypse
context

None

INCORRECT: You failed to answer correctly, and have locked the
supply box for 24 hours. You must move on to the next location and
continue gathering as many supplies as you can.

SUCCESS: Great job, Nooch and Jeana! You successfully unlocked
the supplies. Click the arrow to continue.
Worked examples None
only

A worked example "Correct!" or "Incorrect."
of the problem
(See Appendix G)
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Table 1 (continued)
Condition
Combined

Motivation
manipulation

Cognitive load
manipulation

Zombie
apocalypse
context

A worked example
of the problem
(See Appendix G)

Feedback format
INCORRECT: You failed to answer correctly, and have locked the
supply box for 24 hours. You must move on to the next location and
continue gathering as many supplies as you can.

SUCCESS: Great job, Nooch and Jeana! You successfully unlocked
the supplies. Click the arrow to continue.
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Table 2
Descriptive Statistics for Key Variables in Experiments 1 and 2
Experiment 1 – Online Sample
Factor

Subscale (if applicable)

Experiment 2 – In-Lab Sample

n

M

SD

Min-Max

n

M

SD

Min-Max

Operation Span

123

24.02

6.24

0-30

99

24.07

5.05

7-30

Symmetry Span

124

13.94

7.14

0-24

101

15.67

4.79

5-39

113

4.09

2.78

0-14

102

3.63

1.94

0-10

Interest/Enjoyment

124

5.05

1.36

1.57-7

102

3.27

0.95

1.14-5.86

Perceived Choice

124

5.68

1.40

1.14-7

102

3.71

0.99

1.29-7

Intrinsic Load

123

2.62

7.20

3-30

102

19.55

6.76

3-30

Extraneous Load

123

8.11

6.05

3-30

100

1.26

6.69

3-30

Germane Load

123

27.89

10.1

4-40

101

23.42

11.15

4-40

124

7.10

2.51

0-10

102

5.47

2.24

0-10

Working Memory
Math familiarity
Intrinsic Motivation

Cognitive load

Score on Test
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Table 3
Correlations among Variables of Interest in Experiment 1
Variable

1

2

3

4

5

6

7

8

9

10

11

1. Practice Score

—

.81**

.28**

.21*

.37**

.11

-.06

-.30**

-.56**

-.65**

.54**

2. Test Score

.81**

—

.30**

.23*

.31**

.05

-.09

-.27**

-.52**

-.65**

.49**

3. WMC

.28**

.30**

—

.19*

.11

.01

-.20*

-.20*

-.30**

-.20*

0.11

4. Math Familiarity

.21*

.23*

.19*

—

.15

.03

-.15

-.15

-.45**

-.22*

0.17

5. Interest/Enjoyment

.37**

.31**

.11

.15

—

.39**

-.01

-.16

-.33**

-.31**

.54**

6. Perceived Choice

.11

.05

.01

.03

.39**

—

.04

-.04

-.04

-.15

.06

7. Overall Practice CL

-.06

-.09

-.20*

-.15

-.01

.04

—

.81**

.44**

-.03

.04

8. Overall Test CL

-.30**

-.27**

-.20*

-.15

-.16

-.04

.81**

—

.54**

.16

-.14

9. Intrinsic Load

-.56**

-.52**

-.30**

-.45**

-.33**

-.04

.44**

.54**

—

.42**

-.33**

10. Extraneous Load

-.65**

-.65**

-.20*

-.22*

-.31**

-.15

-.03

.16

.42**

—

-.49**

11. Germane Load

.54**

.49**

0.11

0.17

.54**

.06

.04

-.14

-.33**

-.49**

—

**. Correlation is significant at the .01 level (2-tailed).
*. Correlation is significant at the .05 level (2-tailed).
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Table 4
Correlations among Variables of Interest in Experiment 2
Variable

1

2

3

4

5

6

7

8

9

10

11

1. Practice Score

—

.71**

.28**

.29**

.48**

-.18

.10

.13

-.35**

-.56**

.66**

2. Test Score

.71**

—

.26**

.33**

.34**

-.06

.10

.01

-.30**

-.50**

.52**

3. WMC

.28**

.26**

—

.14

.04

-.18

.11

.12

-.02

-.02

.14

4. Math Familiarity

.29**

.33**

.14

—

.08

-.25*

.16

.02

-.25*

-.11

.20

5. Interest/Enjoyment

.48**

.34**

.04

.08

—

.05

.04

.04

-.36**

-.37**

.58**

6. Perceived Choice

-.18

-.06

-.18

-.25*

.05

—

-.03

-.14

-.05

.05

-.06

7. Overall Practice CL

.10

.10

.11

.16

.04

-.03

—

.68**

.35**

-.11

.14

8. Overall Test CL

.13

.01

.12

.02

.04

-.14

.68**

—

.24*

-.03

.21*

9. Intrinsic Load

-.35**

-.30**

-.02

-.25*

-.36**

-.05

.35**

.24*

—

.30**

-.37**

10. Extraneous Load

-.56**

-.50**

-.02

-.11

-.37**

.05

-.11

-.03

.30**

—

-.52**

11. Germane Load

.66**

.52**

.14

.20

.58**

-.06

.14

.21*

-.37**

-.52**

—

**. Correlation is significant at the .01 level (2-tailed).
*. Correlation is significant at the .05 level (2-tailed).
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Figure 1: Mean test scores separated by condition for Experiment 1. Error bars represent
standard error.
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Figure 2: Standardized scores of perceived load. Overall Practice CL and Overall Test
CL use the item-by-item measure of cognitive load during the practice and test phases,
respectively. Intrinsic, Extraneous, and Germane Load all use the ten-item questionnaire
administered between the practice and test phases.
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Figure 3: Mean intrinsic motivation ratings for both subscales by condition for
Experiment 1. Error bars represent standard error.
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Figure 4: Mean test scores separated by condition for Experiment 2. Error bars represent
standard error.
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Figure 5: Standardized scores of perceived load. Overall Practice CL and Overall Test
CL use the item-by-item measure of cognitive load during the practice and test phases,
respectively. Intrinsic, Extraneous, and Germane Load all use the ten-item questionnaire
administered between the practice and test phases. Error bars represent standard error.
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Figure 6: Mean intrinsic motivation ratings for both subscales by condition for
Experiment 2. Error bars represent standard error.
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